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1.  Background 

The  correlation  length  associated  with  sediment  density  and  sound  velocity  fluctua¬ 
tions  is  used  as  a  physical  parameter  by  various  volume  scattering  models.  In  order  to 
estimate  this  correlation  length,  porosity  and  density  measurements  are  obtained  from  a 
cylindrical  core  sample,  which  is  extracted  and  then  sliced  into  K  discs  of  equal  thickness 
A.  Average  porosities  nk  and  densities  pk,  k  =  are  determined  for  each  disc 

(typically  using  a  gravimetric  method).  Each  set  of  measurements  is  then  treated  as  a 
‘time’  series,  in  which  the  independent  variable  is  taken  to  be  the  distance  from  the  mid¬ 
point  of  the  disc  to  the  top  of  the  core  sample.  The  estimate  of  the  correlation  length  is 
based  upon  assuming  that  the  series  is  a  sample  of  an  autoregressive  (AR)  process  of  unit 
order,  which  has  a  well-defined  correlation  length  l  a-  While  effective,  direct  modeling  of 
the  sampled  data  is  subject  to  criticism  because  it  ignores  the  manner  in  which  the  discs 
were  created.  In  particular,  the  length  of  the  core  subsamples  defines  an  averaging  interval 
that  is  identical  to  the  sampling  interval. 

2.  Approach  and  Results 

In  order  to  investigate  the  effect  of  the  sampling  scheme  on  the  estimated  correlation 
length,  we  first  considered  two  indirect  one  dimensional  continuous  parameter  models 
for  the  sampled  data.  The  first  such  model  assumes  that  the  data  are  sampled  from  a 
stationary  Lorenzian  process  with  correlation  length  l.  In  this  case,  the  sampled  data 
constitute  a  sample  from  an  AR  process.  If  the  correlation  length  is  large  compared  to  the 
sampling  interval  A,  we  found  that  l  ~  l a-  When  this  condition  does  not  hold  (often  the 
case  in  practice),  the  two  correlation  lengths  can  be  quite  different;  however,  we  determined 
theoretical  relationships  between  l  and  l a  such  that  an  estimate  of  one  can  be  translated 
into  an  estimate  of  the  other.  In  the  second  indirect  one  dimensional  model,  we  explicitly 
account  for  averaging  in  the  following  manner.  We  assume  that,  prior  to  averaging,  the 
underlaying  porosity  or  density  process  is  a  continuous  parameter  stationary  Lorenzian 


process  with  correlation  length  l.  In  this  case,  the  sampled  data  do  not  constitute  a 
sample  from  an  AR  process,  but  it  is  possible  to  use  the  correlation  length  l  a  obtained 
from  fitting  this  incorrect  model  to  the  sampled  data  by  interpreting  it  in  terms  of  a  unit 
lag  autocorrelation,  which  can  then  be  related  to  the  correlation  length  l.  Although  the 
relationship  between  l  a  and  l  is  not  simple,  we  were  able  to  develop  methods  for  converting 
an  estimate  of  l a  into  an  estimate  of  l. 

In  addition  to  the  two  indirect  one  dimensional  models,  we  also  considered  an  indirect 
three  dimensional  model  for  the  data  based  upon  the  assumption  of  a  homogeneous  Gaus¬ 
sian  medium  with  a  covariance  structure  that  depends  just  on  the  distance  between  points 
in  the  core.  While  idealized,  we  found  this  model  to  provide  a  reasonable  description  of 
surficial  sediments  and  to  be  amenable  to  numerical  techniques  for  relating  its  correlation 
length  to  the  length  l a  estimated  via  the  direct  AR  approach. 

Details  of  work  supported  by  this  grant  can  be  found  in  the  paper  ‘Fine-Scale  Vol¬ 
ume  Heterogeneity  Measurements  in  Sand’  by  D.  Tang,  K.  B.  Briggs,  K.  L.  Williams, 
D.  R.  Jackson,  E.  I.  Thorsos  and  D.  B.  Percival,  IEEE  Journal  of  Oceanic  Engineering, 
27  (2002),  pp.  546-60,  and  in  the  technical  report  ‘Comparison  of  Correlation  Lengths 
from  Direct  and  Indirect  Models  for  Sediment  Cores’  by  D.  B.  Percival,  D.  R.  Jackson  and 
K.  B.  Briggs  (2002). 
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